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1. As is  w e l l  known, t h e r e  are always d r i f t  flows of i o n s  

and , e l e c t r o n s  i n  a nonuniform plasma s i t u a t e d  i n  a magnet ic  f i e l d .  

One may t h i n k ,  by ana logy  with t h e  normal beam i n s t a b i l i t y ,  t h a t  

s u c h  flows m u s t  l e a d  t o  a bui ld-up o f  waves, vrhose phase  v e l o c i -  

t y  a c r o s s  t h e  magnet ic  f i e l d  i s  o f  t h e  o r d e r  o f  d r i f t  v e l o c i t y .  

Waves o f  t h a t  s o r t ,  vrhich may!$esiqnated as d r i f t  vaves ,  r e a l l y  

e x i s t  i n  a nonuniform Flasna .  T h e i r  s t u d y  w a s  i n i t i a t e d  by t h e  

Tserkovnikov ' 8  work Ll]. Usin9 as an examFle a plasma s i t u a t e d  

i n  t h e  f i e l u  of a d i r e c t  c u r r e n t ,  i t  w a s  s'-own t h a t  i n  t h e  pre-  

s e n c e  of a t empera tu re  g a d i e n t ,  d r i f t - w a v e  bu i ld* -up ,  propaga- 

t i n g  a c r o s s  t h e  magnet ic  f i e l d ,  may t a k e  p l a c e .  A hydrodynamic 

approach  l e a d s  t o  about  t h e  same s t a b i l i t y  c o n d i t i o n  [21. An 

o b l i q u e  d r i f t  wave w a s  e x a x b e d  i n  t h e  work by L .  I .  Eiudakov and 

P. Z. Sagdeyev c31, which passed  t o  t h e  i o n - a c o u s t i c  wave when 

t h e  angle bctween t h e  wave v e c t o r  and t h e  m a p e t i c  f i e l d  v e c t o r  

dec reased .  Such a wave damps v e r y  l i t t l e  a t  n e a r l y  t r a n s v e r s e  

p r o p a g a t i o n ,  and i n  t h e  presence  o f  a t e c p e r a t u r e  g r a d i e n t  o r  

o f  a l o n g i t u d i n a l  c u r r e n t  i t  may become a growing wave i n  t ime.  

I n  c o n t r a s t  t o  t h e  above-enumerated c a s e s ,  t h e  e f f e c t  o f  

f i n i t e  Larmor r a d i u s  of  i o n s  i s  t aken  i n t o  account  i n  t h e  p r e s e n t  

work . 
* Dreyfovaya neus toyc l i ivos t  9 neodnorodnoy plazmy v maqnitnom 

p o l e  . 
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2. L e t  us c o n s i d e r  a nonuniform plasma s i t u a t e d  i n  a uni form 

magnet ic  f i e l d  H ,  d i r e c t e d  a long  t h e  axis z . L i m i t i n g  o u r s e l v e s  

t o  a one-dimensional c a s e ,  we s h a l l  c o n s i d e r  t h a t  t h e  e q u i l i b r i u m  

f u n c t i o n s  o f  e l e c t r o n s  f, and of i o n s  fi depend o n l y  on a s i n g l e  

s p a t i a l  c o o r d i n a t e  X. I f  t h e  f u n c t i o n s  f va ry  l i t t l e  o v e r  t h e  

l e n g t h  of t h e  mean Larmor r a d i u s ,  we s h a l l  have i n  a sys tem of 
c o o r d i n a t e s  where t h e  mean e l e c t r i c  f i e l d  i s  a b s e n t  : 

j 

Be s h a l l  c o n s i d e r  h e r e  l o n g i t u d i n a l -  tyFe waves, p ropaga t ing  

a c r o s s  t h e  d e n s i t y  p a d i e n t ,  The e l e c t r i c  f i e i d  p o t e n t i a l  may be 

chosen Ifor such waves i n  t h e  form (p' =cp  exp (- iot ik,z -+ tk,y); t h e  

s o l u t i o n  o f  t h e  k i n e t i c  equation for t h e  9er turbF. t ioi i  01 t h e  d i s -  

t r i b u t i o n  f u n c t i o n  f1 of t h e  j k i n d  w i l l  be w r i t t e n  i n  t h e  form 

o f  an i n t e y r a l  by t r a j e c t o r i e s  ( s e e  f o r  examyle [43): 
j 

t 

where yl ( t )  = vYj ( t )  dt =-cos (Qjt  -$) -2 cos 9,  II, is  t h e  az imutha l  

a n s l e  i n  the'  v e l o c i t y  sFace .  For  9 e r t u r b a t i o n s  wi th  a wavelength 
Q; *i 

much g r e a t e r  t han  t h e  DeSye r a d i u s ,  t h e  d i s p e r s i o n  e q u a t i o n  may be 

o b t a i n e d  s imply  from t h e  q u a s i n e u t r a l i t y  c o n d i t i o n s  ?\e l f ;  d v  = 0. 

Ke s h a l l  assurre t h a t  t h e  d i s t r i b u t i o n  o f  e l e c t r o n s  and i o n s  a long  

t h e  t r a n s v e r s e  v e l o c i t i e s  i s  l iaxwel l ian  wi th  t emnera tu res  T 

and T i r e s p e c t i v e l y .  S i n c e  f u n c t i o n  (1) is  n o t  dependent  on t ime, 

we may, a f t e r  d i f f e r e n t i a t i o n  a l o n g  V ,  t a k e  i t  o u t  0 5  t h e  i n t e g r a l  

i n  t i m e ,  and t h e  d i s z e r s i o n  e q u a t i o n  v : i l l  t h e n  t r a n s f o r m  t o  t h e  form 

_le 

I, 
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where F j  i s  t h e  d i s t r i b u t i o n  f u n c t i o n  f rom t h e  l o n g i t u d i n a l  ve lo-  

c i t y ,  pni  = (61); In(is t h e  Besse l  f u n c t i o n  from an imaginarg 

argument;  b .  * is a. minor p o s i t i v e  q u a n t i t y  i n t r o d u c e d  

f o r  a c o r r e c t  by-pass ing  of  p o l e s .  
e l  

- T I I  3. L e t  us c o n s i d e r  t h e  o s c i l l a t i o n s  o f  i s o t r o p i c ( T A  

i s 0  the rmic  . o l n s m a  with a Kaxviellian d i s t r i b u t i o n  3f e l e c t r o n s  

and  i o n s  a long  t h e  l o n g i t u d i n a l  v e l o c i t y  

t u r e  (dT/dx = 0). 

t h a n  t h e  c y c l o t r o n  f reauency  o f  i o n s  q ,  

vz and a c o n s t a n t  tempera- 

Assuming t h e  osc ; . l l a t i on  f r e r u e n c y  i s  much lower  

we may n e z l e c t  a l l  te rms  . 
i n  t h e  sum by n i n  ( 3 ) ,  except  t h e  ze ro  term. L i m i t i n g  o u r s e l v e s  

b e s i d e s  t h a t  t o  o s c i l l a t i o n s  w i t h  a t r a n s v e r s e  m v e l e n g t h ,  much 

g r e a t e r  t h a n  t h e  mean Larmor r a d i u s  of  e l e c t r o n s ,  we s h a l l  postu-  

l a t e  be =O. Under t h e s e  assumptions e q u a t i o n  ( 3 )  is brought  t o  

t h e  form 

( z  + a) BY (2) - / I  ( z  - a )  Y ( p z )  = 2 (4, 

1 x - ,  p =e-  bf, ( [ I ) ;  I , ,  I i s  a Besse l  f u n c t i o n  from an imaginary 

I 2 c - 2 2 \ p ~ ~  - ~ V ; ~ - - , Z :  .\is t h e  c h a r a c t e r i s t i c  l e n g t h  o v e r  which t h e  

mean Odeiisity o f  t h e  plasma no : a-1 = d I n  n,/dx v a r i e s  n o t a b l y .  

x g u m e n t  ; 
k P  

z 
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The i n v e s t i g a t i o n  of  e q u a t i o n  (4) shows t h a t  a t  o ( < O ,  vhen 

t h e  phase v e l o c i t y  o f  t h e  cmve i s  d i r e c t e d  toward t h e  d r i f t  o f  i o n s ,  

t h e  wave i s  d i s t i n c t l y  damped, and b e s i d e s  i ts  daixping is exponen- 

t i a l l y  s m a l l  a t  Ocp >lo Such naves nag be e x c i t e d  by l o n g i t u d i n a l  

beams o f  e l e c t r o n s  o r  i o n s .  A s  t o  waves p r o p a g a t i n g  toward t h e  s i d e  

e l e c t r o n  d r i f t  (W >O), o n l y  the  p re sence  o f  d e n s i t y  g r a d i e n t  a p p e a r s  

t o  be s u f l i c i e n t  f o r  t h e i r  growing i n  t ime.  

L e t  us c o n s i d e r  f i r s t  o f  all t h e  r e g i o n  b .hl. For  a s u f f i c i e n t -  

l y  g r e a t  o( , i. e .  f o r  a small k,, e w i l l  be s l f f i c i e n t l y  p e a t ,  

and we t h e n  s h a l l  have approximate ly  Y ( 2 )  Iv l / z .  If on t h e  o t h e r  

hand pw < 1, pz w i l l  a l s o  be s u b s t a n t i a l l y  s n a l l e r  t h a n  t h e  u n i t y .  

A t  t h e  same t ime ,  P (ye) S?,+>i fi , and from (4) ne o b t a i n :  

(5) j 
(Te 'Ti)\ 

where ifo = TiuniiQi i s  t h e  d r i f t  v e l o c i t y .  

A s  we may s e e ,  t h e  increment  of  small p e r t u r b a t i o n  growth I m  o 
rises as k , a  d e c r e a s e s ,  This  r i s e  l a s t s  u n t i l  t h e  q u a n t i t y  pm 

becomes of  t h e  o r d e r  of  t h e  u n i t y ,  and when t h e  expansion m a y  
no l o n g e r  be applied t o y  ( p z ) .  The r e s u l t s  o f  numer ica l  coma- t a t ion  

o f  t h e  inc remen t  n e a r  t h e  maximum for t h e  t h r e e  v d u e s  o f  b ( b = 0 . 0 2 ,  

b =1, b = 1 0  ) a r e  p l o t t e d  i n  F i g .  1. 

F i s .  1 Fig .  2 

The d imens ion le s s  quan ' i i ty  kZ a/? f i i s  i n  a b s c i s s a  axis and t h e  

d i m e n s i o n l e s s  i nc rwen t  7 = In W'fi/lcyvo - i n  o r d i n a t e s .  
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The increment  r ,  cond i t ioned  by t h e  bu i ld -up  by resonance  

e l e c t r o n s  , i. e appea r ing  at t h e  expense of d e d u c t i o n ,  d e c r e a s e s  

p r o p o r t i o n a l l y  t o  b f o r  small b, which is s e e n  f o r  e3;ample from (5) .  
However, f o r  v e r y  s m a l l  b (b < 0.11, t h e r e  appea r s  an i n s t a b i l i t y  

o f  hydrodynamic c h a r a c t e r  i n  p e r t u r b a t i o n s  w i t h  a ve ry  g r e a t  wave- 

l e n g t h  along z ( cxp & 1). One may u t i l i z e  f o r  such  p e r t u r b a t i o n s  

t h e  a sympto t i c  expans ion  l ' ( p z ) ~ -  4- and we s h a l l  t h e n  o b t a i n  

f r o n  ( 4 )  

2 

1 I 
pz d,, - 

It is f a i r l y  e a s y  t o  o b t a i n  i n  t h a t  e q u a t i o n  t h e  c o n d i t i o n  

of  complex r a d i c a l  z p p e a r m c e  ( t h i r d  de-ree e q u a t i o n ) .  The c o n d i t i o n  

h3s t h e  forma2p2h > 4 (1  + J r5 ] - '  X I  ( 3  -F Y 5)-2%0,09./ on t h e  curve 
( F i g .  l), ? a r c e l  1 corrcsnonds  t o  t h a t  i n s t a b i l i t y ,  

b= 0.02 

P l o t t e d  is i n  Fig. 2 t h e  i n s t a b i l i t y  boundary izp = f (6)forip == :,-l.l. Q 
- L  

b u t  for b > 1 t h e  boundary v d u e  o f  k a is  de termined  by i o n i c  

dairqing and r e s u l t s  n e a r l y  inde9endent  from b. The dashed l i n e  o f  

Fig.  2 shows, t h a t  f o r  f i x e d  va lues  of  b t h e  incre lcent  y r eaches  

t h e  maximum a l o n g  k,a. 

z 

One may c a r r y  o u t  w i t h  t h e  a i d  o f  t h e  d i s n e r s i o n  e q u a t i o n  ( 3 )  
t h e  i n v e s t i g a t i o n  of i n s t a b i l i t y  i n  a more g e n e r a l i z e d  case  o f  non- 

i s o t h e r m i c  n o n - i s o t r o p i c  plasma, bu t  t h i s  problem is  beyond t h e  

fraiiiework o f  t h e  p r c s e x t  peper .  L e t  US o n l y  n o t e  t h a t  i nasauch  as 

t h e  wave bui ld-up  cons ide red  he re  i s  due t o  e l e c t r o n s ,  t h e  increment  

I m  G, is b a s i c a l l y  determined by e l e c t r o n  t empera tu re .  I n  > a r t i c u l a r ,  

i n s t a b i l i t y  a l s o  tatces p l a c e  i n  t h e  boundary case  o f  c o l d  i o n s  

( T i d  % ). Hence i t  fo l lows  i n  p a r t i c u l a r ,  t h a t  a l o n g s i d e  wi th  t h e  

e f l e c t  o f  Larmor r a d i u s '  f i n i t e n e s r ,  t h e  i o n  i n e r t i ; <  l e a d r  &so b,c 

t h e  Yh i f t  o f  wave's nhase ,  c o n t r i b u t i n g  t o  i n s t a b i l i t y .  

+F For  mall b it i s  d e t e d n e d  by the  condi t ion R e  z < o( and approd-  
mately k,a = b: 
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4. Thus,  we have shown t h a t  a nonuniform i s o t h e r n i c  plasma 

i n  a s t r o n g  magnet ic  f i e l d  i s  uns t eady  r e l a t i v e  t o  t h e  bui ld-up  

o f  d r i f t - t y p e  waves wi th  a t r a n s v e r s e  wavelength o f  t h e  o r d e r  o f  

t h e  mean Lzrmor r a d i u s  o f  i o n s  pi. The cor resFonding  p e r t u r b a t i o n s  

a r e  s t r o n g l y  s t r e t c h e d  along t h e  magnet ic  f i e l d l s  l i n e s  o f  f o r c e ,  

and t h a t  i s  why t h e  i n s t a b i l i t y ,  r e a l i s t i c a l l y  i n v e s t i g a t e d  h e r e ,  

may on ly  man i fe s t  i t s e l f  i n  the c o n f i g u r a t i o n s ,  whose 1ong;itudi-  

n a l  l e n g t h  L exceeds by one o r d e r  t h e  t r a n s v e r s e  l e n g t h  a. 

S i n c e  t h e  t r a n s v e r s e  l e n g t h  o f  t h e  xave o f  growing p e r t u r b a -  

t i o n s  has  a t  s m d l  v a l u e s  a/L t h e  o r d e r  o f  magnitude p i ,  whi le  

t h e  development t ime o f  o s c i l l a t i o n s  i s  determined by t h e  q u a n t i t y  

a/pivi, where vi = q x ,  one m2y t h i n k  t h a t  t h e  p u l s a t i o n s  

deve lop ing  on account  o f  i n s t a b i l i t y  l e a d  t o  pl,-sma d i f f u s i o n  a c r o s s  

t h e  magnet ic  f i e l d  wi th  a d i f f u s i o n  c o e f f i c i e n t  o f  t h e  o r d e r  o f  

P?vi/a. T h i s  c o e f f i c i e n t  drops as Hm2 w i t h  t h e  growth o f  t h e  

magnet ic  f i e l d ,  b u t  i n  i t s  a b s o l u t e  m q n i t u d e  i t  may s i g n i f i c a n t l y  

exceed  t h e  d i f f u s i o n  c o e 1 f i c i e n t  on account  of c o l l i s i o n s .  

The a u t h o r s  e x p r e s s  t h e i r  g r a t i t u d e  t o  E. P. Velikhov f o r  

t h e  d i s c u s s i o n  of t h e  work. 

THE END * **  * * *  
Ente red  on 
1 4  A p r i l  1962. 

T r a n s l a t e d  by ANDRE L.  FRICHAFJT 
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